This thesis investigated the effects of mercaptocarborane-capped gold nanoparticles on water transport across skeletal muscle sarcoplasmic reticulum (SR). Data suggest that as the concentration of these gold nanoparticles increase, they cause a decrease in the initial rate of water transport, a decrease in the amount of water released from SR vesicles, and a decrease in the rate constant associated with water transport across the SR. Gold nanoparticles likely produce these effects by altering the behavior of the lipids on the SR membrane, causing them to be less permeable to water transport. The mechanism behind this isn't known and would be an interesting subject to investigate further.
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Abstract:
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Introduction:
Much research has focused on unraveling the mysteries behind muscle physiology. Even though this is the case, there is still a surprising amount that must be done in order to determine how muscles work. The research presented in this thesis focuses on an understudied portion of muscle function, water transport across sarcoplasmic reticulum. More precisely, the effects of gold nanoparticles on water transport across skeletal muscle sarcoplasmic reticulum. A background will first be presented in order to set a comprehensible framework for the research question and methodology.
General Background of Muscle Function
Mammalian muscle tissue is divided into three subtypes: skeletal, cardiac, and smooth muscle. Each type has features common to all muscle, although each have aspects unique to their subtype. Muscle contraction is elicited by a nerve impulse. This nerve impulse depolarizes a membrane called the sarcolemma, the surface membrane of the muscle cell. There are invaginations on the sarcolemma, called T-tubules, which conduct the depolarization to all parts of the cell simultaneously. The process that links depolarization of the surface membrane and the contraction of the cell is referred to as excitation-contraction coupling.
The T-tubule membrane contains the dihydropyridine receptor. When this transmembrane protein is activated by a change in voltage, it triggers the opening of the ryanodine receptor (RyR) in the membrane of the sarcoplasmic reticulum (SR). The SR is the storage site of calcium ions that are released upon the opening of the RyR (Alberts, 2015) .
In order to properly understand how gold nanoparticles may be behaving with respect to SR, it is important to describe the redox properties of both the nanoparticle and SR. 
Redox Potential
Much research has indicated that the redox state of the muscle cell significantly influences the functioning of the calcium release channel (Eu et al, 2000; Feng et al, 2000; Xia et al, 2000) . A more reduced cellular environment encourages the closing of the RyR, while a more oxidized cellular environment encourages the opening of the receptor. It has been established that the oxidation of sulfhydryl groups associated with the RyR activate its release mechanism, whereas the reduction of these thiol groups close down the channel (Xia et al, 2000) . This information may be significant to the experiments that follow because the gold nanoparticles that are used demonstrate redox properties.
A gold nanoparticle (AuNP) capped with mercaptocarborane ligands is used in this study.
This nanoparticle demonstrates that it is susceptible to further reduction and suffers reductive loss of its thiolate ligands (Ciorin et al, 2011) .
Water Transport
Previous research on water transport across SR is little to nonexistent. Unfortunately, the same can be said for SR-nanoparticle interactions. Research involving AuNPs has shown that their physical and chemical properties may make them suitable for several cellular and medical applications (Giljohann, 2010) . Many of the studies that use AuNPs have been interested in therapeutic topics such as gene-regulating agents, drug carriers, and imaging agents. The goal of this research is to shed some light on how AuNPs influence water transport across SR and to determine the molecular mechanism underlying this process. All experiments were done in a 3 mL quartz cuvette. The 5 mM HEPES buffer, adjusted to pH 7 with KOH, was used in each experiment. A 0.15 mg/ml concentration of SR vesicles was also used in each experiment. AuNP concentrations of 200 nM and 600 nM were used depending on the trial. Liposome trials were also carried out in order to observe the behavior of phospholipid vesicles in the presence of AuNPs. A 0.15 mg/ml concentration of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) vesicles (which mimics mammalian lipid composition) was used in these experiments. These phospholipid vesicle experiments also used AuNP at concentrations of 200 nM and 600 nM. Another type of phospholipid vesicle composed of asolectin was also examined. The same methods and materials described above were used in all vesicle experiments. Every trial used a 20 mM addition of sucrose as the solute to make the solution less hypotonic causing the vesicles to shrink.
For all water transport studies, sarcoplasmic reticulum vesicles were prepared from rabbit hind leg and back white skeletal muscles according to the method of Favero and Abramson (Favero, 1994) . All asolectin vesicles (Sigma product number D00135349) used for the water transport experiments were also prepared using methods described by Favero and Abramson. The following experiments were carried out: Three trials using SR vesicles with no AuNPs present; five trials using SR vesicles and 200 nM AuNPs; four trials using SR vesicles and 600 nM AuNPs; three trials using POPC vesicles, in the absence of AuNPs; four trials using POPC vesicles and 200 nM AuNPs; four trials using POPC vesicles and 600 nM AuNPs; two trials using asolectin vesicles in the absence of AuNPs; two trials using asolectin vesicles and 200 nM AuNPs; one trial using asolectin vesicles and 600 nM AuNPs.
After the experimental data were collected, all data were fit to the formula:
where A is the change in scattering, Yfinal -Yinitial, b is the rate constant, and t is time in seconds.
The change in scattering is related to the amount of water released, which is how it will be referred to for the remainder of this thesis.
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The initial rate of water transport across the vesicles, expressed as the rate of change of the nonlinear regression formula at t=0, was also calculated. The derived formula is simply written as follows:
Initial rate = Ab Data in each trial category pertinent to either the amount of water released, A, the rate constant, b, or the initial rate of water transport across the vesicles, Ab, were averaged. These data were then graphed in order to observe if there were any statistically significant disparities between the three kinds of vesicles in relation to these three formula components. Figures 2, 3 , and 4 in the results section show these comparisons.
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Results:
The following experiments were carried out with three types of vesicle preparations sarcoplasmic reticulum vesicles (SR), asolectin vesicles (Asolectin), and POPC vesicles (POPC).
The reason for carrying out these three types of experiments is to understand whether the water transport properties observed with sarcoplasmic reticulum vesicles are due to a specific protein found in the SR or whether it is due to the water permeability of the lipid membrane. 
Discussion:
The experimental data indicate that the observed water transport properties of the sarcoplasmic reticulum is not due to the proteins present in the plasma membrane, but rather due to the water permeability of the lipid membrane. While there are noticeable differences in the figures that contrast sarcoplasmic reticulum and liposomes, the differences are only about two or three times in size and not by an order of magnitude. In other words, the differences seen between these two groups are relatively small. These differences likely stem from the fact that there are proteins present in the lipid membrane of sarcoplasmic reticulum. It must also be taken into account that the membrane composition of sarcoplasmic reticulum is not as well-defined and homogeneous as the membrane composition of the asolectin and POPC vesicles. In rabbit back and hind leg muscles, sarcoplasmic reticulum contains approximately 4% phosphatidylinositol, 5% sphingomyelin, 68% phosphatidylcholine and a phospholipid/cholesterol molar ratio of 7.7 (Borchman, 1982) .
Before the liposome experiments were conducted, it was believed that nanoparticles affected the proteins present on SR vesicles, which was responsible the rapid rate of water transport across the SR membrane. It was thought that aquaporins existed on the SR and that AuNPs somehow altered their behavior. Data from POPC and asolectin vesicles now suggest that differing concentrations of AuNPs alter the structure of the lipid membrane in order to make it more or less permeable to water transport. Aquaporins are likely not present on SR because of its shared similarities with POPC and asolectin vesicles.
In summary, the effects of AuNPs on water transport across SR suggest a decrease in the rate of water transport, a decrease in the amount of water released, and a decrease in the rate constant of water transport across SR vesicles as the concentration of AuNPs increase.
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AuNPs likely produce this effect by altering the behavior of the lipids on the sarcoplasmic reticulum plasma membrane, causing them to be less permeable to water transport. The mechanism behind this isn't yet known and would be an interesting subject to investigate further after this thesis.
